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Sequence information 



Length: 258 AA [This 
is the length of the 
unprocessed 
precursor] 


Molecular weight: 
29335 Da [This is the 
MW of the 

unprocessed precursor] 


CRC64: 0F7EBAE62069A5D0 

[This is a checksum on the 
sequence] 
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FASTA format 



View entry in original Swiss-Prot format 
View entry in raw text format (no links) 
Report form for errors/updates in this Swiss-Prot entry 



BLAST submission on 
blast ExPASy/SIB 

or at NCBI (USA) 



ScanProsite , 
MotifScan 






Sequence analysis tools: ProtParam , 
ProtScole , Compute pI/Mw , 
PeptideMass . PeptideCutter . 
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Clear 



NiceProt View 
of Swiss-Prot: 
P01555 



Printer-friendly view 



Quick BlastP search 
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[Keywords ] [Features ] [Sequence ] [Tools] 

Note: most headings are clickable, even if they don 't appear as links. They link to the user manual or 
other documents. 
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Entry name 


CHTA_VIBCH 


Primary accession number 


P01555 


Secondary accession numbers 


Q56634 Q9JPV1 


Entered in Swiss-Prot in 


Release 01, July 1986 


Sequence was last modified in 


Release 02, October 1986 


Annotations were last modified in Release 41, February 2003 


Name and origin of the protein 


Protein name 


Cholera enterotoxin, A chain [Precursor] 


Synonyms 


NAD(+)- -diphthamide 
ADP-ribosyltransf erase 
EC 2.4.2.36 

Cholera enterotoxin A subunit 


Gene name 


CTXA or TOXA or VC1457 


From 


Vibrio cholerae ITaxID: 6661 


Taxonomy 


Bacteria; Proteobacteria; 
Gammaproteobacteria; Vibrionales; 


Vibrionaceae; Vibrio. 



References 



[1] 


SEQUENCE FROM NUCLEIC ACID. 




STRAIN=EI Tor 2125; 




MEDLINE=84068199; PubMed=6646234; TNCBI. ExPASy. EBI. Israel. 




Japan 1 




Mekalanos J.J.. Swartz D.J.. Pearson G.D.N.. Harford N., Groyne F., de 




Wilde M.; 




"Cholera toxin genes: nucleotide sequence, deletion analysis and wacc'me 




development."; 




Nature 306:551-557(1983). 


[2] 


SEQUENCE FROM NUCLEIC ACID. 




STRAIN=Classical 569B / ATCC 25870 / Serotype 01; 




MEDLINE=91355224; PubMed=1883840; TNCBI. ExPASy. EBI. Israel. 




Japanl 




Dams E.. de Wolf M.. Dierick W.; 




"Nucleotide sequence analysis of the CT operon of the Vibrio cholerae 
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classical strain 569B."; 

Biochim. Biophys. Acta 1090:139-141(1991). 


[3] 


otQUtNCc rROM NUCLtIC ACID. 
STRAIN=1854 / 0139-Bengal; 

Ynmnmotn K hn V 6 15 F Xu M Iidn T Miw/atani T Albert M J Honda 




L; 

Submitted (MAY-1994) to the EMBL/GenBank/DDBJ databases. 


[4] 


ofcQUtNCt rKUM NUCLtIC ACID. 
STRATM-FI Tor 212*v 

Dams E.. de Wolf M., Dierick W.; 




Submitted (MAY-1991) to the EMBL/GenBank/DDBJ databases. 




OCV»JUfcNCt rKUM NUCLtIC ACID. 

STRAIN=KNTH002; 

Shin H.J.. Park Y.C.. Kim Y.C.; 




"^Inninn nnH mi ifl^ntirlp <p/iiipnrp nnnl\/cic n*f thp vinilpn^p npnp r^tcc^ttp 

l*IUfllilU UIIU ■ lUdtSU 1 lUtS DtSUUtSi ll*(S UflUIYDID U | 1 I IIS VII UllSflCw UtSrllS UUOOIS 1 IIS 

from Vibrio cholerae KNIH002 isolated in Korea."; 
Misainmurhag Hoiji 35:205-210(1999). 


[6] 


SEQUENCE FROM NUCLEIC ACID. 
STRAIN=EI Tor N16961 / Serotype 01; 

MfcDLiNc=*:U4Uoooo, rubMea=iuyo^oUi / INCbJI. txr/\5y, fcBl, Israel, 
Japanl 

Heidelberq J.F.. Eisen J.A.. Nelson W.C., Clayton R.A., Gwinn M.L.. Dodson 




R.J.. Haft D.H., Hickey E.K.. Peterson J.D.. Umayam L.A.. Gill S.R.. Nelson 
K.t., Read T.D., TeTtelin H., Richardson D., fcrmolaeva M.D., Varnathevan 
J., Bass 5., cjm H., Dragoi I., beiiers P., McDonald L., utterbacK I 
Fleischmann R.D., Nierman W.C.. White 0., Salzbero S.L, Smith H.CL 




Colwell R.R., Mekalanos J.J., Venter J.C., Fraser CM.; 




ui nm oouuof icts u i uu i ri cr ii uruuouruiso u i I \ vc criuici u uu i riuutsn v iu 

cholerae."; 

Nature 406:477-483(2000). 


[7] 


SEQUENCE OF 1-212 FROM NUCLEIC ACID. 
STRAIN=Classical 569B / ATCC 25870 / Serotype 01; 

AAFhl TMF-ftRDnA7^7' PnhAA^rl-ADQD^Qr)* TMrRT PvPA<iv FRT T<rnc>\ 

mCUui-INC-OJUUD/ O/, r UurV\cQ-0U7w07U ( IINL.D.L, CXr AOy, CDX, XoTUCl, 

Japanl 

Lockman H.A., Galen J.E.. Kaper J.B.; 
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"Vibrio cholerae enterotoxin genes: nucleotide sequence analysis of DNA 
encoding ADP-ribosyltransferase."; 
. Bacteriol. 159:1086-1089(19841 



[8] 



SEQUENCE OF 213-258 FROM NUCLEIC ACID. 
MEDLINE=84061784; PubMed=6315707; [NCBI, ExPASy . EBI . Israel . 
Japan ] 



Lockman H. . Kaper J.B. ; 



"Nucleotide sequence analysis of the A2 and B subunits of Vibrio cholerae 
enterotoxin."; 

J. Biol. Chem. 258:13722-13726(1983) . 



[9] 



SEQUENCE OF 19-27 . 

MEDLINE=81212799; PubMed=7238869; [NCBI, ExPASv . EBI . Israel . 
Japan 1 



Duffy L.K. . Peterson J.W. . Kurosky A. ; 



"Isolation and characterization of a precursor form of the 'A' subunit of 
cholera toxin."; 

FEBS Lett. 126:187-190(1981). 



[10] SEQUENCE OF 19-38 AND 213-232 . 

MEDLINE=76259136; PubMed=955672; [NCBI, ExPASy . EBI . Israel . 
Japan ] 



Klapper D.G. . Finkelstein R.A. . Capra J.D. ; 



"Subunit structure and N-terminal amino acid sequence of the three 
chains of cholera enterotoxin."; 
Immunochemistry 13:605-611(1976). 



[11] 



SEQUENCE OF 27-72 AND 111-139 . 

MEDLINE=79169830; PubMed=437113; [NCBI, ExPASv . EBI . Israel . 
Japan ] 



Lai C.-y. . Cancedda F. . Chang P. ; 



"Primary structure of cholera toxin subunit Al: isolation, partial 
sequences and alignment of the BrCN fragments."; 
FEBS Lett. 100:85-89(1979). 



[12] SEQUENCE OF 213-258 . 

MEDLINE=82053094; PubMed=7028752; [NCBI, ExPASy . EBI . Israel . 
Japan ] 



Duffy L.K. . Peterson J.W. . Kurosky A. ; 
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"Covalent structure of the gamma chain of the A subunit of cholera 
toxin."; 

J. Biol. Chem. 256:12252-12256(1981) . 



[13] 



X-RAY CRYSTALLOGRAPHY (2.4 ANGSTROMS). 
MEDLINE=95387395; PubMed=7658473; [NCBI, ExPASy . EBI . Israel . 
Japan 1 

Zhang R.G. , Scott D.L. , Westbrook M.L. , Nance 5. . Spongier B.D. , Shipley 
G.G. . Westbrook E.M. ; 

"The three-dimensional crystal structure of cholera toxin."; 
J. Mol. Biol. 251:563-573(1995) . 



Comments 



FUNCTION. THE ALPHA/GAMMA CHAIN (A SUBUNIT) IS AN 
ADP-RIBOSYLATTNG TOXIN. 

CATALYTIC ACTIVITY. NAD + + peptide diphthamide = nicotinamide + 
peptide N-(ADP-D-ribosyl)diphthamide. 

SUBUNIT. CONTAINS 3 KINDS OF CHAINS. AN ALPHA AND A 
GAMMA CHAIN (FROM THE SAME PRECURSOR MOLECULE), LINKED 
BY AN INTERCHAIN DISULFIDE BOND, ASSOCIATE 
NONCOVALENTLY WITH AN AGGREGATE OF 4 TO 6 BETA CHAINS. 



Copyright 



This SWISS-PROT entry is copyright. It is produced through a collaboration between the Swiss 
Institute of Bioinformatics and the EMBL outstation - the European Bioinf ormatics Institute. 
There are no restrictions on its use by non-profit institutions as long as its content is in no way 
modified and this statement is not removed. Usage by and for commercial entities requires a license 
agreement (See http;//www.isb-sib.ch/announce/ or send an email to license@isb-sib.ch ) 



Cross - references 



5 of 9 



6/26/03 12:24 PM 



NiceProt Vii 



iew of Swiss-Prot: P01555 



http://us.expasy.org/cgi-bin/niccprot.pl7P01555 





X00171: CAA24995.1; -. TEMBL / GenBank / DDBJ1 




TCoDinqSequencel 




X58785; CAA41590.1; -. [EMBL / GenBank / DDBJ1 




TCoDinqSequencel 




D30053; BAA06290.1; [EMBL / GenBank / DDBJ] 




TCoDinqSequencel 




X58786; CAA41592.1; -. TEMBL / GenBank / DDBJ1 




TCoDinqSequencel 


EMBL 


K02679; AAA27514.1; -. [EMBL / GenBank / DDBJ1 


TCoDinqSequencel 
AF175708; TEMBL / GenBank / DDBJ1 
AAD51359.1; TCoDinqSequencel 
AE004224; TEMBL / GenBank / DDBJ1 
AAF94614.1; -. TCoDinqSequencel 
K01170; AAA27572.1; TEMBL / GenBank / DDBJ1 

TCoDinqSequencel 
D30052; BAA06288.1; TEMBL / GenBank / DDBJ1 

TCoDinqSequencel 


PIR 


A05129; XVVCA. 




1XPB; 01-APR-97. TExPASy / RCSB1 


PDB 


1XTC; 01-AUG-96. TExPASy / RCSB1 
Detailed list of linked structures. 


TIGR 


VC1457; -. 


InterPro 


IPR001144; Enterotoxin A. 


Graphical view of domain structure. 


Pfam 


PF01375; Enterotoxin A; 1. 


PRINTS 


PR00771; ENTEROTOXINA. 


ProDom 


TDomain structure / List of seq. sharinq at least 1 domainl 


HOBACGEN 


T Family / Aliqnment / Treel 


BLOCKS 


P01555. 


ProtoNet 


P01555. 


ProtoMap 


P01555. 


PRESAGE 


P01555. 
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DIP 


P01555. 


Mod Base 


P01555. 


SWISS-2DPA6E 


Get region on 20 PAGE. 


Keywords 



Enterotoxin ; Signal ; NAD; Transferase ; Glycosyltransf erase ; 3D-structure ; 



Complete proteome . 



Features 





Feature table viewer 




Feature aliqner 







Key 


From 


To 


Length 


Description 


SIGNAL 


1 


18 
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CHAIN 


19 


212 


194 


CHOLERA ENTEROTOXIN, C] 


CHAIN 


213 
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46 
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217 
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INTERCHAIN (WITH GAMMA 


ACT_SITE 


62 
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20 
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D -> N (IN REF. 9) . 
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37 
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G -> L (IN REF. 11) . 
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QS -> SE (IN REF. 11) . 


CONFLICT 


111 
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N -> L (IN REF\ 11) . 
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132 
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S -> A (IN REF i 11) . 
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213 




M -> I (IN REF., 1) . 
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DI -> ID (IN REF: 12) . 
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D -> N (IN REF. 'l2) . 
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Q8L356 in 
FASTA format 



View entry in original TrEMBL format 
View entry in raw text format (no links) 
Request for annotation of this TrEMBL < 



BLAST submission on 
blast ExPASy/SIB 

or at NCBI (USA) 



ScanProsite . 
MotifScan 





Sequence analysis tools: ProtParam , 
Prot Scale , Compute pI/Mw , 
PeptideMass , PeptideCutter , 
Dotlet (Java) 

Search the SWISS-MODEL 
Repository 



^ ExPASv Home dqqc 


Wm&mcS^ Search ExPASy 


t^HSMHj Swiss-Prot 1 




Hosted bv NCSC US 


Mirror sites: 


Bolivia 


Canada 


China 


Switzerland 


Taiwan 



The Korean ExPASy site, kr.cxpasy.org, is temporarily not available. 
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Swiss-Prot/TrEMBL 



Go 



Clear 



NiceProt View 
of TrEMBL: 
Q8L356 



Printer-friendly view 



Quick BlastP search 



[General ] [Name and origin] [References] [Comments] [Cross - references] 
[Keywords] [Features ] [Sequence] [Tools] 

Note: most headings are clickable, even if they don 't appear as links. They link to the user manual or 
other documents. 
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Entry name 


Q8L356 


Primary accession number 


Q8L356 


Secondary accession numbers 


None 


Entered in TrEMBL in 


Release 22, October 2002 


Sequence was last modified in 


Release 22, October 2002 


Annotations were last modified in 


Release 24, June 2003 


Name and origin of the protein 


Protein name 


Cholera toxin A subunit 


Synonyms 


None 


6ene name 


CTXA 


From 


Vibrio cholerae 027 TTaxID: 1853311 


Taxonomy 


Bacteria; Proteobacteria; 
Gammaproteo bacteria; Vibrionales; 


Vibrionaceae; Vibrio. 


References 


[1] 


SEQUENCE FROM NUCLEIC ACID. 
STRAIN=365-96; 

MEDLINE=21950561; PubMed=11953381; TNCBI. ExPASy. EBI. Israel. 
Japan 1 

Li M.. Shimada T.. Morris J.G. Jr.. Sulakvelidze A.. Sozhamannan S.; 
"Evidence for the emergence of non-01 and non-0139 Vibrio cholerae 
strains with pathogenic potential by exchange of O-antigen biosynthesis 
regions."; 

Infect. Immun. 70:2441-2453(2002V 


Comments 



None 



Cross-references 



2 of 4 



6/26/03 12:22 PM 



NiceProt View of TrEMBU Q8L356 



http://us.cxpasy.org/cgi-bin/niccprot.pl7Q8L356 



EMBL 


AF390572; TEMBL / GenBank / DDBJ1 
AAM22586.1; -. rCoDinqSequencel 


GO 


GO:0005576; Cellular component: extracellular (inferred 

from electronic annotation). 
60:0015070; Molecular function: toxin activity (inferred 

from electronic annotation). 
60:0009405; Bioloqical process: pathoqenesis (inferred 

from electronic annotation). 


InterPro 


IPR001144" Enterotoxin A 
Graphical view of domain structure. 


Pfam 


PF01375; Enterotoxin_A; 1. 


PRINTS 


PR00771; ENTEROTOXIN A. 


ProDom 


[Domain structure / List of seq. sharinq at least 1 domain] 


HOBACGEN 


[Family / Aliqnment / Treel 


ProtoMap 


Q8L356. 


PRESAGE 


Q8L356. 


Mod Base 


Q8L356. 


SWISS-2DPAGE 


Set reqion on 2D PAGE. 


Keywords 


None 


Features 


None 



Sequence information 


Length: 258 
AA 


Molecular weight: 
29336 Da 


CRC64: 0F7EBAEE0069A5D0 [This is a 
checksum on the sequence] 
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Length: 258 
AA 



Molecular weight: 
29362 Da 



CRC64: 3EA358C7F8BA8BF7 [This is a 
checksum on the sequence] 
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GLAGFPPEHR AWREEPWIHH APPGCGNAPR SSMSNTCDEK TQSLGVKFLD EYQSKVKRQI 
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Q8VLI6 in 
FA5TA format 



View entry in original TrEMBL format 
View entry in raw text format {no links) 
Request for annotation of this TrEMBL entry 



BLAST submission on 
blast ExPASy/SIB 

or at NCBI (USA) 



ScanProsite , 
MotifScan 






Sequence analysis tools: ProtParam , 
ProtScale , Compute pI/Mw , 
PeptideMass , PeptideCutter , 
Dotlet (Java) 

Search the SWISS-MODEL 
Repository 



1 & ExPASy Home paae 


Search ExPAi 


m 


Swiss -Prot 




Hosted by NCSC US 


Mirror sites: 


Bolivia 


Canada 


China 


Switzerland 


Taiwan 





The Korean ExPASy site, kr.expasy.org, is temporarily not available. 
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Go 
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Printer-friendly view 



Quick BlastP search 



[General ] [Name and origin] [References] [Comments ] [Cross - references ] 
[Keywords] [Features] [Sequence] [Tools] 

Note: most headings are clickable, even if they don 't appear as links. They link to the user manual or 
other documents. 
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Entry name 


Q8VLI6 


Primary accession number 


Q8VLI6 


Secondary accession numbers 


None 


Entered in TrEMBL in 


Release 20, March 2002 


Sequence was last modified in 


Release 20, March 2002 


Annotations were last modified in 


Release 24, June 2003 


Name and origin of the protein 


Protein name 


CtxA 


Synonyms 


None 


Gene name 


CTXA 


From 


Vibrio cholerae ITaxID: 6661 


Taxonomy 


Bacteria; Proteobacteria; 


Sammaproteobacteria; Vibrionales; 




Vibrionaceae; Vibrio. 


References 



[1] 


SEQUENCE FROM NUCLEIC ACID. 
STRAIN=203-93, and 571-88; 

Li M.. Chen Y.. Kotetishvili M.. Stine O.C.. Morris J.&. Jr.. Sulakvelidze A.. 
Sozhamannan S.; 

"Genetic Analysis of the Virulence Regions, CTX f prophage and Vibrio 
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Effective mucosal immunization against respiratory syncytial virus using 
purified F protein and a genetically detoxified cholera holotoxin, CT- E29H 
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We exploited the powerful adjuvant properties of cholera holotoxin (CT) 
to create a mucosally administered subunit vaccine against respiratory 
syncytial virus (RSV) . A genetically detoxified mutant CT with an E to H 
substitution at amino acid 29 of the CT-A1 subunit (CT- E29H ) was compared 
to wild type CT for toxicity and potential use as an intranasal (IN) 
adjuvant for the natural fusion (F) protein of RSV. When compared to CT the 
results demonstrated that: (1) CT- E29H binding to GM1 ganglioside was 
equivalent, (2) ADP-ribosylation of agmatine was 11.7%, and (3) toxicity 
was attenuated in both Y-l adrenal (1.2%) and patent mouse gut weight 
assays. IN vaccination with F protein formulated with CT- E29H induced 
serum anti-CT and anti-F protein antibodies that were comparable to those 
obtained after vaccination with equivalent doses of CT. Vaccinations 
containing CT- E29H at doses of 0.1 microg were statistically equivalent 
to 1.0 microg in enhancing responses to F protein. Antigen-specific mucosal 
IgA and ant i -RSV neutralizing antibodies were detected in nasal washes and 
sera, respectively, of mice that had received F protein and 0.1 or 1.0 
microg of CT- E29H . Anti-F protein IgA was not detected in the nasal 
washes from mice IN vaccinated with 0.01 microg CT- E29H or IM with F 
protein adsorbed to A10H adjuvant. In addition, the formulation of purified 
F protein and CT- E29H (0.1 and 1.0 microg) facilitated protection of both 
mouse lung and nose from live RSV challenge. Collectively, the data have 
important implications for vaccine strategies that use genetically, 
detoxified mutant cholera holotoxins for the mucosal delivery of highly 
purified RSV antigens. 
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Identifying a safe and efficacious mucosal adjuvant is crucial for the 
development of subunit vaccines against rotavirus and other mucosal 
pathogens. Moreover, recognition of determinants of protective immunity to 
rotavirus infection is essential to the design of the means to prevent or 
control this viral gastrointestinal disease. We have studied the kinetics 
of systemic and mucosal antibody responses elicited upon mucosal 
immunization of mice with rotavirus recombinant virus-like particles 
(rVLPs) alone or combined with a detoxified version of cholera toxin, CT- 
E2 9H . CT- E2 9H has been shown to maintain the adjuvant effect of 
parental cholera holotoxin. Both inbred BALB/c and outbred CD-I mice were 
immunized with rotavirus VP2/6-rVLPs (2/6-VLPs) combined with CT- E29H , 
orally or intranasally (i.n.), and the comparative efficacy of different 
formulations was then determined. Rotavirus -specific serum and fecal IgA, 
IgM, and IgG antibodies were determined by enzyme -linked immunoadsorbent 
assay (ELISA) weekly (or every other week) following vaccination. Animals 
then were challenged with a murine rotavirus strain, EDIM. The degree to 
which vaccinated animals were protected from the wild- type rotavirus 
challenge was reflected in the levels of viral antigen shed in stools 
(percent reduction in antigen shedding, PRAS) . BALB/c mice immunized by 
either route produced rotavirus-specif ic serum IgA, IgM and IgG, as well as 
fecal IgA and IgG, but not IgM; however, the intranasal immunization 
induced stronger systemic IgG and IgM responses than did oral immunization. 
Similar levels of prechallenge rotavirus-specif ic fecal and serum IgA were 
detected in both the orally and the i.n. immunized groups . Two 
immunizations with 2-6VLPs and CT- E29H were sufficient to protect BALB/c 
mice, regardless of the route of administration. PRAS was 99.6, 98.8, and 
98.8% for oral, i.n. and the oral + i.n. groups, respectively; in contrast 
vaccination with 2/6-VLPs alone was not protective (PRAS - 39%), indicating 
the critical role of CT- E2 9H in inducing protective levels of immune 
responses. Two of four outbred CD-I mice that were immunized orally with 
2/6-VLPs-CT- E29H showed no humoral responses (PRAS, 65%) , but four of 
four i.n. immunized CD-I mice displayed humoral responses (PRAS, 97.9%). 
Serum anti-VP6 and VP 2 antibodies were detected in all immunoresponsive 
mice. The combined results in two strains of mice indicate that CTE29H is 
an effective mucosal adjuvant capable of inducing protective immune 
responses and suggest that intranasal administration is the preferred route 
of immunization . 
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Recombinant PhpA protein, a unique histidine motif -containing protein 
from Streptococcus pneumoniae, protects mice against intranasal 
pneumococcal challenge. 
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The multivalent pneumococcal conjugate vaccine is effective against both 
systemic disease and otitis media caused by serotypes contained in the 
vaccine. However, serotypes not covered by the current conjugate vaccine 
may still cause pneumococcal disease. To address these serotypes and the 
remaining otitis media due to Streptococcus pneumoniae, we have been 
evaluating antigenically conserved proteins from S. pneumoniae as vaccine 
candidates. A previous report identified a 20-kDa protein with putative 
human complement C3 -proteolytic activity. By utilizing the publicly 
released pneumococcal genomic sequences, we found the gene encoding the 
2 0-kDa protein to be part of a putative open reading frame of approximately 
2,4 00 bp. We recombinantly expressed a 79-kDa fragment (rPhpA-7 9) that 
contains a repeated HxxHxH motif and evaluated it for vaccine potential. 
The antibodies elicited by the purified rPhpA-79 protein were 
cross-reactive to proteins from multiple strains of S. pneumoniae and were 
against surface-exposed epitopes. Immunization with rPhpA-79 protein 
adjuvanted with monophosphoryl lipid A (for subcutaneous immunization) or a 
mutant cholera toxin, CT- E29H (for intranasal immunization) , protected 
CBA/N mice against death and bacteremia, as well as reduced nasopharyngeal 
colonization, following intranasal challenge with a heterologous 
pneumococcal strain. In contrast, immunization with the 2 0-kDa portion of 
the PhpA protein did not protect mice. These results suggest that rPhpA-79 
is a potential candidate for use as a vaccine against pneumococcal systemic 
disease and otitis media. 
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Immunization with Haemophilus influenzae Hap adhesin protects against 
nasopharyngeal colonization in experimental mice. 
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Nontypeable Haemophilus influenzae is a common cause of respiratory tract 
disease and initiates infection by colonizing the nasopharynx. The H. 
influenzae Hap adhesin is an autotransporter protein that was discovered 
because it promotes intimate interaction with human epithelial cells. Hap 
contains an extracellular domain called Hap(s) that has adhesive and 
protease activity and an outer membrane domain called Hap (beta) that serves 
to present Hap(s) on the surface of the cell. Hap(s) purified from 
nontypeable H. influenzae strain P860295 was used to immunize BALB/c mice 
intranasally . Immunization stimulated significant mucosal and serum 
anti-Hap(s) antibody titers, which were augmented by the addition of mutant 
cholera toxin (CT- E29H ) as an adjuvant. Immunization was associated with 
a marked reduction in the density of nasopharyngeal colonization when mice 
were challenged with a heterologous strain of nontypeable H. influenzae. 
These results suggest that intranasal immunization with Hap formulated with 
CT- E2 9H may be a valuable vaccine strategy for the prevention of 
nontypeable H. influenzae disease. 
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The catalytic A subunit of cholera toxin (CT-A) is capable of 
ADP-ribosylating the guanine nucleotide-binding protein, which regulates 
cell adenylyl cyclase, leading to the life-threatening diarrhea of cholera. 
Amino acids involved in the enzymatic activity of CT-A have previously been 
identified. By means of site-directed mutagenesis, an analog of the CT-A 
subunit gene was created with codon substitutions for both Arg-7 and 
Glu-112, each of which has been shown to produce subunits lacking 
ADP-ribosyltransf erase activity. The mutated gene fragment was exchanged 
for the wild-type copy in the previously cloned ctxAB operon from El Tor 
biotype, Ogawa serotype Vibrio cholerae strain 3083, which produces CT-2 . 
Further, the zonula occludens toxin gene, zot, was inactivated by an 
insertional mutation to create the new plasmid construct pCT-2*. 
Additionally, a DNA fragment encoding the B subunit of CT-1 (CT produced 
by classical biotype, Inaba serotype V. cholerae strain 569B) was exchanged 
for the homologous part in pCT-2*, resulting in the creation of pCT-1*. 
These plasmid constructs were introduced into the CT-negative V. cholerae 
mutant strain JBK70 (El Tor biotype, Inaba serotype) ; CT-A-B+ derivatives 
CVD101 and CVD103 of classical biotype Ogawa and Inaba serotype strains 395 
and 569B, respectively; El Tor biotype Inaba and Ogawa serotype strains 
C6706 and C7258, respectively, recently isolated in Peru; and 0139 (synonym 
Bengal) strain SG25-1 from the current epidemic in India. Recombinant 
toxins (CT-1* and CT-2*) , partially purified from culture supernatants of 
transformed JBK70, were shown to be inactive on mouse Yl adrenal tumor 
cells and in an in vitro ADP-ribosyltransf erase assay. CT-1* and CT-2* 
reacted with polyclonal and monoclonal antibodies against both A and B 
subunits of CT. The toxin analogs reacted with antibodies against CT-A 
and CT-B on cellulose acetate strips and in a GM1 enzyme-linked 
immunosorbent assay; they reacted appropriately with B- subunit 
epitype-specif ic monoclonal antibodies in checkerboard immunoblots, and 
they formed precipitin bands with GMl-ganglioside in Ouchterlony tests. 
However, the reactions of the modified proteins with anti-A- subunit 
monoclonal antibodies were weaker than the reactions with wild-type 
holotoxins . V, cholerae strains carrying ctxA*, with either ctxB-1 or 
ctxB-2, and inactivated zot genes were created by homologous recombination. 
The recombinant strains and the purified toxin analogs were inactive in the 
infant rabbit animal model . (ABSTRACT TRUNCATED AT 400 WORDS) 
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Construction of nontoxic derivatives of cholera toxin and 
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Using computer modelling, we have identified some of the residues of the 
A subunit of cholera toxin (CT) and heat -labile toxin that are involved in 
NAD binding, catalysis, and toxicity. Here we describe the site-directed 
mutagenesis of the CT gene and the construction of CT mutants. Nine 

mutations of the A subunit gene were generated. Six of them encoded 
proteins that were fully assembled in the AB5 structure and were nontoxic; 
these proteins were CT-D53 (Val-53-->Asp) , CT-K63 (Ser-63 - ->Lys) , CT-K97 
(Val-97-->Lys) , CT-K104 (Tyr-104 - ->Lys) , CT-S106 (Pro-106-->Ser) , and the 
double mutant CT-D53/K63 (Val-53 - ->Asp, Ser-63 - ->Lys) . Two of the 

mutations encoded proteins that were assembled into the AB5 structure but 
were still toxic; these proteins were CT-H54 (Arg-54 - ->His) and CT-N107 
(His-107- ->Asn) . Finally, one of the mutant proteins, CT-E114 
(Ser-114-->Glu) , was unable to assemble the A and the B subunits and 
produced only the B oligomer. The six nontoxic mutants were purified from 
the culture supernatants of recombinant Vibrio cholerae strains and 
further characterized. The CT-K63 mutant , which was the most efficient in 
assembly of the AB5 structure, was used to immunize rabbits and was shown 
to be able to induce neutralizing antibodies against both the A and B 

subunits . This molecule may be useful for the construction of improved 
vaccines against cholera. 
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